INTRODUCTION
============

Elbow flexion synergy of stroke survivors may occur reflexively or as early stages of voluntary control when spasticity is present. However, when spasticity of the elbow flexors is marked, it may contribute to the typical upper extremity posture in hemiplegia and limit rehabilitation efforts to improve function or at least minimize impairments ([@B1]). For patients who are ambulatory, walking with the elbow flexed impairs balance and may be cosmetically unacceptable. The patients with spasticity of the elbow flexion are most likely to show the pronation of the forearm, which is not performed by the biceps brachii. Furthermore, a major flexor of the elbow is the brachialis muscle, that has no role in supination ([@B2]). Thus, blocking the brachialis is expected to reduce spasticity of elbow flexion without eliminating the ability to generate supination torques.

Chemodenervation of the musculocutaneous nerve with neurolytic agents is an effective treatment of spasticity of the elbow flexors. The flexion spasticity at the elbow can be treated using injections of neurolytic agents designed to block the musculocutaneous nerve at the level of the axilla or upper arm ([@B3]-[@B6]). Blocking the main nerve trunk may produce profound weakness of the hemiparetic upper extremity ([@B7], [@B8]). Neurolytic agents may be spilled over the adjacent arteries and have a direct effect on vascular smooth muscles, resulting in a significant vasoconstriction ([@B9]). There might be temporary dysesthetic pain over the distribution of the lateral antebrachial cutaneous nerve after neurolysis ([@B8], [@B10]).

To avoid undesirable complications, motor point blocks of the biceps brachii or brachialis muscle may be more satisfactory. For phenol or alcohol neurolysis, precise localization of the motor points of each muscle is necessary to avoid blocking the sensory or major motor nerve. Previous anatomic studies have defined the motor point as the location where the motor branch entered the muscle belly ([@B11], [@B12]). However, there have been few studies that have investigated the location of the motor points of the biceps brachii and brachialis muscles. The present study, therefore, was conducted to identify the location of the motor points of these muscles relative to anatomic landmarks in order to facilitate the efficacy of motor point block.

MATERIALS AND METHODS
=====================

Twenty-three limbs from 12 cadavers were dissected for the study. There were 5 male and 7 female cadavers with an average age at time of death of 66 yr (range, 31 to 87). One limb was unsuitable for the study due to significant contracture of the elbow joint. Each cadaver was placed supine with the elbow extended in the anatomic position.

The skin and subcutaneous tissue were dissected from the elbow crease, exposing the entire biceps brachii. After cutting the biceps brachii tendon at the elbow, the muscle was detached from the brachialis. The musculocutaneous nerve was identified and the branches to the brachialis and biceps brachii were observed. The center of the location where the motor branch entered the muscle belly was designated as the motor point of each muscle.

A tape measure was used to form a reference line connecting the coracoid process to the lateral epicondyle of the humerus ([Fig. 1](#F1){ref-type="fig"}). For the brachialis muscle, the perpendicular line from the reference line to the motor point was measured and was recorded as an X value. The Y value was defined as the distance from the coracoid process to the point where the perpendicular line crossed the reference line. For the biceps brachii muscle, the X value was not measured as the location of the motor point was not fixed in a transverse plane after cutting the muscle at the elbow. The shortest distance between the coracoid process and the motor point was measured and was defined as the Y value. For both muscles, the Y value was also normalized into a percentage of the total length of the reference line and hence compared across all specimens.

RESULTS
=======

The mean length of the reference line between the coracoid process and the lateral epicondyle of the elbow was 26.76±1.59 cm. Each head of the biceps muscle was consistently innervated by a single branch of the nerve, respectively. The motor points of the biceps brachii were found to be approximately half of the distance from the coracoid process to the lateral epicondyle of the humerus ([Fig. 2](#F2){ref-type="fig"}). The motor point of the short head of the biceps muscle was located 12.91±1.99 cm (48.24±6.88% of the reference line) distal to the coracoid process. In the long head of the muscle, the location of the motor point from the coracoid process was 14.22±1.75 cm (53.19±6.21%).

All brachialis muscles were innervated by one or two branches of the musculocutaneous nerve (seventeen with one branch and six with two branches); 7 arms also received a branch from the radial nerve. The first motor point of the brachialis muscle innervated by the musculocutaneous nerve was found to be 2.28±0.74 cm medial to the reference line (x value) and 17.84±1.77 cm (66.73±5.95%) of the reference line distal to the coracoid process (y value) ([Fig. 3](#F3){ref-type="fig"}). The location of the second motor point was 2.33±0.53 cm in the x value and 18.57±1.98 cm (70.09±4.41%) in the y value. The motor point of the brachialis from a branch of the radial nerve was found to be 0.76±0.77 cm in the x value and 18.90±2.95 cm (70.19±10.61%) in the y value.

DISCUSSION
==========

Our study demonstrated that the motor point of the brachialis muscle was found to be approximately 70% of the reference line from the coracoid process to the lateral epicondyle of the elbow and 2 cm medial to the line. Buchanan and Erickson ([@B13]) performed anatomic dissections on 26 arms from 13 cadavers. They observed that the motor point of the biceps muscle was located at 53% of the length of the humerus and that of the brachialis was found to be distal one third of the humerus. These results are consistent with those of our dissection study. However, they did not document a horizontal location (the perpendicular distance from the reference line) of the motor point of the brachialis because they considered that its motor point could be best blocked from the medial side. Recently, Kim et al. ([@B14]) also reported similar results with no consideration of the horizontal distance.

The approach from the medial side of the arm is carried out by lifting adjacent neurovascular bundles along with the biceps brachii muscle ([@B5]). The brachial artery or the median nerve may be injured if these structures are not adequately lifted ventrally in cases of severe flexion spasticity. We need to predict the depth of the needle insertion to avoid passing through the motor nerve branches of the musculocutaneous nerve. Based on our data, an anterior approach may be considered; the needle is located approximately 2 cm medial to 70% of the reference line from the coracoid process to the lateral epicondyle of the elbow. However, the needle has to pass through the biceps brachii with the potential of minor spilling of the neurolytic agent. Further detailed studies are needed to determine any negative effect of the anterior approach on functional status.

The nerve supply to the brachialis muscle has not been clearly understood. Recently, standard testbooks of anatomy des- cribe a contribution from the radial nerve to inferolateral portion of this muscle but do not mention its incidence ([@B15], [@B16]). Ip and Chang ([@B17]) reported that the brachialis receives a constant innervation from the radial nerve in eight Chinese cadavers. Mahakkanukrauh and Somsarp ([@B18]) investigated the dual innervation of the brachialis muscle in 152 Thai cadaveric limbs. They found that all brachialis muscles received innervation from the musculocutaneous nerve and the radial nerve provided a dual supply in 81.6% of cases. These results imply that the musculocutaneous nerve or motor point block may not completely paralyze the brachialis muscle. The functional significance of the radial branch to brachialis has not been reported. The size of the motor distribution from the radial branch to brachialis may be variable ([@B17], [@B18]).

Blackburn et al. ([@B19]) recently reported the radial innervation of the brachialis in 42 UK Caucasian cadaveric limbs. They found that a radial nerve contribution to the innervation of the brachialis was present in 67% of cases, less than the incidence reported by previous studies. In our study, the dual innervation, occurred in a higher proportion of specimens than 30.4%. This may reflect interracial or ethnic differences in embryological development, or may be due to the small number of specimens. In our study, the motor point of the brachialis from a branch from the radial nerve was located approximately 1 cm lateral to the motor point from the musculocutaneous nerve innervation. Thus, if a motor point block of the brachialis muscle is not successful, there might be the possibility of a radial contribution which may require more lateral additional block.

According to our study, the motor point of the biceps brachii is likely to be located at approximately the halfway point of the upper arm. The motor point can be easily identified by the use of a surface stimulator on the skin of the mid arm. A needle electrode is then used to more accurately determine the location of the motor points of the muscle. In addition, our data may be helpful in determination of the recording location of the biceps muscle. In standard needle electromyography, the needle electrode is placed over the bulk of the biceps muscle ([@B20]). The lack of knowledge regarding the location of the motor points of the biceps muscle may lead to an erroneous placement of the needle electrode because the maximum bulk of the muscle may be found more distally in elbow extension.

In summary, the motor point of the biceps brachii muscle was located at approximately half of the arm. In the brachialis muscle innervated by one or two branches of the musculocutaneous nerve, the location of the motor points was likely to be 2 cm medial to distal one third of a reference line from the coracoid process to the lateral condyle of the elbow. Our results may allow precise localization of the motor points and offer more accurate approach. To validate this anatomic work in clinical practice, further clinical studies will be needed to compare therapeutic effects of selective motor point block with those of the musculocutaneous nerve block.

![Diagrammatic drawing of measurement of the location of the motor point of the brachialis muscle. The coracoid process and lateral epicondyle of the humerus were identified as reference points. The shortest distance between the reference points was measured and was defined as a reference line. The distance from the reference line to the motor point was recorded as an x value and the distance from the coracoid process to the point where the perpendicular line crossed the reference line was defined as a y value.](jkms-22-459-g001){#F1}

![A plot of the location of the motor points in the biceps brachii muscles. The normalized ratio indicates the ratio of the distance from the coracoid process to the length of the reference line connecting from the coracoid process to the lateral epicondyle of the humerus. SH, short head; LH, long head.](jkms-22-459-g002){#F2}

![A plot of the location of the motor points in the brachialis muscle; x axis is the distance from the reference line to the motor point and y axis is the distance from the coracoid process to the point where the perpendicular line crosses the reference line. MP1, the first motor point; MP2, the second motor point.](jkms-22-459-g003){#F3}
